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Abs t r ac t  
Transi t ions between underdamped and overdamped ra- 
d i a l  motion i n  magnetic bubble domains are investigated 
i n  a low-loss   rare-ear th   garnet  material. Three  dis-  
t i n c t  t y p e s  o f  domain wall s t ruc tu res ,  wh ich  a re  p re -  
s e n t  d u r i n g  underdamped motion, have been i d e n t i f i e d .  
Bubble walls were  sub jec t ed  to  a b i a s  f i e l d  p u l s e  (H) 
a n d  t e s t e d  f o r  underdamped  motion  sometime (T) later. 
The f i r s t  t y p e  of  s t ruc ture  fo l lows  the  form H = H' exp 
(T/T ), with 170 nsec< To <270 n s e c  f o r  t h e  f i r s t  t r a n -  
s i t i g n ,   a n d  i s  n o t   s t a t i c a l l y   s t a b l e .   T r a n s i t i o n s   a s -  
soc i a t ed  wi th  the  second  type  a re  cha rac t e r i zed  by  a 
c o n s t a n t  c r i t i c a l  a n g l e  fl ) between the magnet izat ion 
i n  t h e  m i d d l e  o f  t h e  wall, 'and t h e  p l a n e  o f  t h e  wall. 
F o r  t h e  f i r s t  t r a n s i t i o n ,  iJJ = 230°, a n d  f o r  t h e  
second, TC = 3700.  These s t z u c t u r e s  a r e  s t a t i c a l l y  
s t a b l e .  The t h i r d  t y p e  o f  s t r u c t u r e  i s  n o t  s t a t i c a l l y  
s t ab le ,  and  H i s  independent  of 'r. The f i r s t  and 
second wall s t r u c t u r e  t y p e s  a r e  a s s o c i a t e d  w i t h  m u l t i -  
p l e  t r a n s i t i o n s  w h i l e  t h e  t h i r d  o n l y  e x h i b i t s  a s i n g l e  
t r a n s i t i o n .  
In t roduc t ion  
S t r u c t u r a l  c h a n g e s  i n  moving domain walls have 
been observed using a var ie ty  of  exper imenta l  t ech-  
n iques   [1 ,2] .  It was found  tha t  domain w a l l s  move a t  a 
r e l a t i v e l y  h i g h  v e l o c i t y  f o r  t h e  f i r s t  15-40 nsec of 
wal l  mot ion ,  a f te r  which  the  wal l s  move at  a much lower 
v e l o c i t y .  T h i s  a b r u p t  c h a n g e  i n  v e l o c i t y  was a t t r i -  
b u t e d  t o  i n t e r n a l  s t r u c t u r a l  c h a n g e s  i n  t h e  domain w a l l .  
S i m i l a r  types  of  w a l l  behavior  were seen  in  bubb le  
domains using a bubble  co l lapse  technique  [3 ,4] ,  and  in  
s t r i p  domains,  using a sampling  technique [5 ] .  Zimmer, 
_ _  et a1 a l s o   r e p o r t e d   t h a t   r a p i d   i n i t i a l   m o t i o n  was only 
o b s e r v e d  a f t e r  t h e  domain walls had remained s ta t ionary 
for  severa l  hundred  nsec  before  the  appl ica t ion  of  the  
d r ive   f i e ld .   Thus ,   s t ruc tu ra l   changes   appea r   t o   t ake  
p l a c e  w i t h i n  t h e  f i r s t  few nsec of domain wall motion, 
but  seem to  p roduce  e f f ec t s  on domain walls which per- 
sist f o r  much longer  times. 
A d i f f e r e n t  k i n d  of s t r u c t u r a l  t r a n s i t i o n  h a s  b e e n  
r e p o r t e d  i n  a r ecen t  s tudy  o f  domain w a l l  o s c i l l a t i o n  
i n  low- loss   bubble   mater ia l s  [ 6 ] .  Free  bubbles  were 
s u b j e c t e d  t o  a s t ep  change  in  equ i l ib r ium rad ius ,  and ,  
f o r  small i n i t i a l  d r i v e  f i e l d s  ( < 2 . 3  O e ) ,  w a l l  o s c i l -  
l a t i o n  was observed .   Dur ing   wal l   osc i l la t ion ,   the  
domain w a l l  v e l o c i t y  was cons tan t ,  independent  of  the  
i n s t a n t a n e o u s  d r i v e  on the  wa l l .  A t  a h igher  va lue  of  
t h e  i n i t i a l  d r i v e  f i e l d ,  $, the  type  of  wall motion 
changed ab rup t ly  from underdamped t o  overdamped motion. 
A s  t h e  i n i t i a l  d r i v e  was  increased above HT, under- 
damped motion  slowly  returned. A t  s t i l l  h i g h e r  d r i v e s  
(-4 Oe), a s e c o n d  t r a n s i t i o n  t o  underdamped motion, 
similar t o  t h e  f i r s t ,  was observed. A c lose r   s tudy   o f  
t h e  f i r s t  and  second t r a n s i t i o n s  showed s m a l l  va r i a -  
t i o n s  of HT w i t h  s t a t i c  b i a s  f i e l d ,  a s  w e l l  a s  s l i g h t  
differences between expanding and collapsing motion. 
The p resen t  work examines t h e  w a l l  s t r u c t u r e s  p r e -  
s e n t  i n  moving bubble  domain  wal l s  in  a low-loss gar- 
n e t   m a t e r i a l .  The s t r u c t u r e s  a r e  i n v e s t i g a t e d  by 
measur ing  the  re la t ionship  be tween pulse  ampl i tude  and  
t h e  time i n t e r v a l  r e q u i r e d  t o  p r o d u c e  t h e  t r a n s i t i o n s .  
T h r e e  d i f f e r e n t  s t r u c t u r e s  are i d e n t i f i e d  by t h e i r  
d i s t i n c t  t i m e  dependences and s t a t i s t i c a l  p r o p e r t i e s ,  
Experimental  
A s ampl ing  op t i ca l  mic roscope ,  desc r ibed  in  de t a i l  
elsewhere [7],  was used t o  m o n i t o r  t h e  s i z e s  o f  bubble 
domains.  The  microscope was modi f ied  to  incorpora te  a 
Cohu - 4400 s i l i c o n - i n t e n s i f i e d  t a r g e t  v i d e o  camera f o r  
more  convenient real-time observat ion.  The  camera  nd 
laser were synchronized t o  provide a 10  n s e c  s i n g l e  ex- 
posure  image  of  the  ins tan taneous  s ize  and  shape  of t h e  
bubble  domains. Bias f i e ld  pu l ses  were  p rov ided  by a 
pancake c o i l ,  d r i v e n  by one or  more HP 214A p u l s e r s  
w i t h  a combined rise time of 1 2  n sec .  T rans i t i ons  be- 
tween underdamped and overdamped motion were de t ec t ed  
by monitoring the sizes of magnetic bubble domains a t  
a f ixed  t i m e  du r ing  a b i a s  f i e l d  test pulse .   Free 
bubbles  were  subjec ted  to  a 5 Vsec long expanding 
b i a s  f i e l d  p u l s e  w i t h  t h e  p u l s e  a m p l i t u d e ,  Ho, s e t  be- 
low t h e  t h r e s h o l d  f o r  t r a n s i t i o n s .  The de lay   o f   the  
sampling microscope was adjusted to take photographs 
of the bubble domains a t  t h e  f i r s t  time of maximum 
ove r shoo t ,  t yp ica l ly  0 .3  psec  a f t e r  t he  beg inn ing  of 
t h e  test p u l s e .  A d d i t i o n a l  b i a s  f i e l d  p u l s e s  were ap- 
p l i e d  a t  va ry ing  t ime  in t e rva l s  be fo re  the  test pulse .  
These addi t ional  pulses  were,  under  the proper  condi-  
t i o n s ,  a b l e  t o  p r o d u c e  overdamped motion during the 
tes t   pu lse .   Whi le   execut ing  overdamped mot ion ,   the  
s i z e  of a bubble a t  t h e  time of maximum overshoot is 
smal le r  than  i t  would b e  f o r  underdamped motion, indi- 
ca t ing  d i r ec t ly  whe the r  i t  has  executed underdamped 
o r  overdamped  motion.  Bubbles  executing  underdamped 
m o t i o n  a r e  t y p i c a l l y  1 um la rger  than  those  execut ing  
overdamped  motion a t  t h i s  p a r t i c u l a r  time, so  t h a t  
t r a n s i t i o n s  a r e  c l e a r l y  v i s i b l e  on t h e  TV monitor.  
Two d i f f e r e n t  b i a s  p u l s e  s e q u e n c e s  were used to  
s t u d y  t r a n s i t i o n s  from  underdamped t o  overdamped motion. 
In t h e  f i r s t  s e q u e n c e ,  a s t e p  d e c r e a s e  i n  t h e  b i a s  
f i e l d  is a p p l i e d  a t  a t ime ('r) before the expanding 
t e s t  p u l s e .  A ske tch   o f   th i s   sequence  i s  shown i n  
Fig.  1. The  experiment was performed  by  holding  the 
v a l u e s  of 'r and Ho cons tan t  whi le  s lowly  increas ing  the  
s t e p  a m p l i t u d e  u n t i l  an i n s t a b i l i t y  i n  b u b b l e  s i z e  was 
o b s e r v e d .   T h i s   s i z e   i n s t a b i l i t y   i n d i c a t e s   t h a t   b u b b l e s  
a r e  e x e c u t i n g  e i t h e r  underdamped o r  overdamped motion 
on a random b a s i s .  The pu l se  ampl i tude  a t  wh ich  s i ze  
i n s t a b i l i t i e s  w e r e  f i r s t  o b s e r v e d  is d e f i n e d  a s  t h e  
t r a n s i t i o n  f i e l d  f o r  t h e  s t e p  p u l s e  s e q u e n c e ,  H1('r,Ho). 
S i z e  i n s t a b i l i t i e s  were observed over a range of 0.2 
Oe i n  s t e p  a m p l i t u d e ,  b u t  H1 was r ep roduc ib le  to  wi th in  
0.04 O e .  In the   second  sequence a narrow  col lapsing 
pulse ,  o r  sp ike ,  o f  wid th  W was  appl ied a t ime ( T )  
before   the   beginning  of the   expanding   tes t   pu lse .  A 
ske tch   o f   th i s   sequence  is shown i n   F i g .  2. This  
experiment was  performed by holding W ,  'r, and Ho con- 
s t an t ,  wh i l e  s lowly  inc reas ing  the  sp ike  ampl i tude  
u n t i l  s i z e  i n s t a b i l i t i e s  were observed.  The  spike 
ampli tude a t  which i n s t a b i l i t i e s  w e r e  f i r s t  o b s e r v e d  is  
d e f i n e d  a s  t h e  t r a n s i t i o n  f i e l d  f o r  t h e  s p i k e  p u l s e  
sequence,  Hz(?, W, Ho) .  Again, H z  was r e p r o d u c i b l e  t o  
w i t h i n  0.04 O e .  In e i ther   sequence ,   the  test p u l s e  
ampli tude is  l imi ted  to  va lues  be low HT i n  o r d e r  f o r  
t h e  test p u l s e  t o  b e  e f f e c t i v e  i n  d e t e c t i n g  t r a n s i -  
t i o n s .  The t ime   i n t e rva l s  (T) a r e  l i m i t e d  by t h e  f a c t  
t ha t  bubb le  domains tend t o  d i s t o r t  a t  b i a s  f i e l d s  
n e a r  t h e  s t r i p e - o u t  f i e l d  (19.0 Oe). 
The bubble  mater ia l  used  in  these  exper iments  is  
t h e  same m a . t e r i a 1  i n v e s t i g a t e d  i n  a n  e a r l i e r  s t u d y  o f  
domain w a l l  o s c i l l a t i o n  [ 6 ] .  Material   parameters  were 
determined through a combination of resonance measure- 
ments ,  giving a, Hk-4i'rM, and y, and  measurements  of 
s t a t i c  domains,   giving h M ,  h ,  and R .  The r e s u l t s  
were 47rM = 93.5 O e ,  01 =. .009, h = 4.3 pm, y = 
1 8 . 3 ~ 1 0 ~ 0 e - ~ S - ~ ,  R = 1 . 3  pm and Hk = 1080 Oe. Th i s  sam- 
p l e  e x h i b i t s  a l a r g e  amount of overshoot (-1 pm), and 
t r ans i t i ons  be tween  underdamped and overdamped motion 
are eas i ly  seen  wi th  the  sampl ing  op t i ca l  mic roscope .  
R e s u l t s  
The f i r s t  t r a n s i t i o n  f i e l d  f o r  t h e  s t e p  p u l s e  
sequence (HI) was measured a s  a func t ion  of  the  t i m e  
i n t e r v a l  (T) w i t h  t h e  test pulse  ampli tude (H,) as a 
parameter.  A t y p i c a l  r e s u l t  c a n  b e  s e e n  i n  t h e  semi- 
l o g  p l o t  shown i n  F i g .  1. The pulse  sequence  is shown 
i n  t h e  lower  r igh t  co rne r  o f  t he  f igu re .  The  s t a t i c  
b i a s  f i e l d  was 23.0 O e .  Each d a r a  p o i n t  r e p r e s e n t s  a 
s i n g l e  d e t e r m i n a t i o n  of H1, b u t  i n  e f f e c t  r e p r e s e n t s  a n  
average  over  severa l  hundred  repe t i t ions  of  the  same 
pu l se  sequence ,  s ince  the  sampl ing  r a t e  was 1 5  Hz and 
each measurement took a t  least 20 sec  to  comple te .  The 
t r a n s i t i o n  f i e l d  f o r  Ho = 0.0 Oe is 2.47 O e .  Each set 
o f  da t a  was f i t t e d  t o  a s t r a i g h t  l i n e ,  r e s u l t i n g  i n  t h e  
r e l a t i o n s h i p  HI = H'  exp ( 'r / ' r0) .  The r e s u l t s  were: 
f o r  Ho = 1.3 Oe, H' = 1.30 O e ,  and T~ = 270 nsec.  For 
Ho = 1 .5 ,  H' = 1.13  and T~ = 230. For H = 1.7,  H '  
= 0.95,  and T~ = 190.  For Ho = 1 .9 ,  H '  9 0.83,  and 
~,=170. There is excel lent   agreement   between  the 
s t r a i g h t - l i n e  f i t s  and t h e  d a t a  e x c e p t  f o r  Ho = 1 . 9  O e .  
Th i s  dev ia t ion  w i l l  be  d iscussed  later i n  c o n n e c t i o n  
wi th  a second type of t r a n s i t i o n .  
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Fig. 1. Loglp ( T r a n s i t i o n   F i e l d  (HI) i n  Oe) v s  T i m e  
I n t e r v a l  (T ,  n nsec)  . For D , Ho = 1.3 O e ;  f o r  a, 
Ho = 1.5; for X, Ho = 1 . 7 ;  f o r  +, Ho = 1.9 .  S tep  
pu l se   s equence   ( shown) .   S t a t i c   b i a s   f i e ld  7 23.0 Oe. 
The t r a n s i t i o n  f i e l d  (H1) w a s  measured, using the 
same pulse  sequence ,  for  Ho = 2 . 1  O e ,  and f o r  Ho = 2.3 
O e ,  w i t h  m a r k e d l y  d i f f e r e n t  r e s u l t s .  I n  b o t h  c a s e s  
t h e  sums H 1  + Ho were i d e n t i c a l ,  and independent of T ,  
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wi th in  exper imenta l  e r ror .  For  Ho = 2.1 Oe, HI + Ho 
=2.60 ? 0.05 O e ,  and f o r  H, = 2.3 O e ,  HI + Ho = 2.58 
? 0.02 Oe.  For T > 100  nsec ,  shape  d i s to r t ions  of t h e  
bubb les   obscu red   t he   t r ans i t i ons .  The s t a t i s t i c a l  
behav io r  fo r  t hose  t r ans i t i ons  wh ich  are independent 
of T nea r  H 1  is d i f f e r e n t  f r o m  t h a t  o b s e r v e d  f o r  t h e  
T-dependent t r a n s i t i o n s .   I n   t h e  la t ter  case,   motion 
is always underdamped f o r  p u l s e  a m p l i t u d e s  s l i g h t l y  
below Hl, and always overdamped s l i g h t l y  a b o v e  H1. I n  
c o n t r a s t ,  domain wall  motion is underdamped  on bo th  
s ides  of  the  weaker  T- independent  t rans i t ion ,  wi th  at  
most a 50% p r o b a b i l i t y  o f  t r a n s i t i o n  t o  overdamped 
motion i n  t h e  c e n t e r  o f  t h e  t r a n s i t i o n  r e g i o n .  
The f i r s t  and  second t r a n s i t i o n  f i e l d s  f o r  t h e  
sp ike  pulse  sequence  (Hz) were measured a s  a func t ion  
of  the  sp ike  wid th  (W) f o r  f i x e d  v a l u e s  o f  t h e  time 
i n t e r v a l  (T) .  A t y p i c a l  r e s u l t  is shown i n   F i g .  2 ,  
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Fig. 2. yWH2 ( rad)   vs  W (nsec).  For +, T = 10  psec; 
f o r  , T = 2 usec.  Spike pulse  sequence (shown). 
Bias f i e l d  = 24.0 Oe. Ho = 1.7 Oe. 
where the product  yWH2 is p l o t t e d  a s  a func t ion  of  W 
f o r  two va lues   o f  T. Again,   the  test pulse   ampl i tude  
was 1 .7  O e ,  and t h e  s t a t i c  b i a s  f i e l d  was  24.0 O e .  
Both t r a n s i t i o n s  c o r r e s p o n d  t o  a change from under- 
damped t o  overdamped  motion. It can   be   s een   t ha t   t he re  
is  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r o d u c t  yWH2 f o r  
t h e  two d i f f e r e n t  v a l u e s  of T ,  excep t  i n  the  second  
t r a n s i t i o n  f o r  W < 100 nsec .  For  both  t rans i t ions ,  
yWH2 is c o n s t a n t  f o r  W < 100 nsec.  A t  h i g h e r  v a l u e s  
of W i n  t h e  f i r s t  t r a n s i t i o n ,  yWH2 rises s l i g h t l y  and 
becomes c o n s t a n t  a g a i n ,  w h i l e  i n  t h e  s e c o n d  t r a n s i t i o n ,  
it a l s o  shows an increase,  but  does not  assume a second 
cons t an t   va lue .  The s t a t i s t i c a l  d i s t r i b u t i o n  between 
underdamped and overdamped motion n e a r  b o t h  t r a n s i t i o n s  
us ing  these  la rger  va lues  of  T is d i f f e r e n t  f r o m  t h e  
d i s t r i b u t i o n s   d i s c u s s e d   e a r l i e r .   N e a r  a t r a n s i t i o n  
ind iv idua l  bubbles  repea ted ly  execute  the  same type of  
mot ion ,  du r ing  success ive  r epe t i t i ons  o f  t he  same 
pulse sequence, and no b u b b l e  s i z e  i n s t a b i l i t y  i s  seen.  
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Every few seconds an individual  bubble  may convert  
from one type of wall m o t i o n  t o  t h e  o t h e r ,  b u t  t h i s  
conve r s ion  does  no t  t ake  p l ace  in  the  absence  o f  t he  
spike.   With  the  spike  and test pulse   turned  off   each 
bubble remembers, for a t  least several  minutes ,  which 
type of motion i t  was execut ing  dur ing  the  pulse  se-  
quence, and executes the same type of motion when t h e  
t e s t  p u l s e  is  turned on again.   There is  no s i g n i f i -  
c a n t  d i f f e r e n c e  i n  t h e  d . c .  c o l l a p s e  f i e l d  b e t w e e n  
bubbles  tha t  execute  d i f fe ren t  types  of  mot ion .  
Discussion 
D i f f e r e n t  w a l l  s t r u c t u r e s ,  w h i c h  c a u s e  t r a n s i -  
t ions between underdamped and overdamped motion, may 
b e  i d e n t i f i e d  by t h e i r  d i s t i n c t  s t a t i s t i c a l  p r o p e r t i e s ,  
and by t h e i r  d i f f e r e n t  r e l a t i o n s h i p s  b e t w e e n  t h e  t r a n -  
s i t i o n  f i e l d  (H1 o r  H2) and t h e  t i m e  i n t e r v a l  CT). The 
r e s u l t s  r e p o r t e d  h e r e  i n d i c a t e  t h a t  a t  least t h r e e  d i s -  
t i n c t  w a l l  s t r u c t u r e s  a r e  p r e s e n . t  d u r i n g  underdamped 
domain wall   motion. The f i r s t  w a l l  s t ruc ture   ( type- I )  
is  ind ica t ed  by t h e  r e s u l t s  i n  P i g .  1, The con t r i -  
but ions from H1 and Ho are, a t  l e a s t  p a r t i a l l y ,  a d d i -  
t i v e ,  s i n c e  n e i t h e r  s t e p  c h a n g e  i n  b i a s  f i e l d  is l a r g e  
enough t o  c a u s e  t r a n s i t i o n s  by i t s e l f .  T h i s  a l s o  i n d i -  
ca t e s  t ha t  t ype - I  s t ruc tu res  a re  p re sen t  du r ing  unde r -  
damped m o t i o n ,  s i n c e  t h e  s t e p  c h a n g e  i n  b i a s  f i e l d  (H1) 
is  n o t  l a r g e  enough t o  c a u s e  overdamped  motion.  The re- 
l a t i o n s h i p  between HI and T is o f  t h e  form H1 = H '  exp 
(T/T~), w i t h  t h e  r e l a x a t i o n  times (T,) ranging  between 
170  nsec  and 270 nsec .   Th i s   r e l a t ionsh ip  is  observed 
even f o r  T = 10 nsec ,  i nd ica t ing  tha t  t ype - I  s t ruc -  
t u r e s  a r e  c r e a t e d  d u r i n g  t h e  f i r s t  few nsec of wall  
motion.  The  values o f  T~ decrease  wi th  increas ing  Ho,  
i n d i c a t i n g  t h a t  t h e  r e l a x a t i o n  times for  type- I  s t ruc-  
tures  depend on t h e  " i n t e n s i t y "  of t h e  s t r u c t u r e s  b e i n g  
de tec t ed  by t h e  test pu l se .  The t imes ( T ~ )  r epor t ed  
h e r e   a r e   s i m i l a r   t o   t h o s e   r e p o r t e d  by Zimmer, 4 [ 5 ] .  
They observed  tha t  the  domain wall must remain s t a t i o n -  
a r y  f o r  a t  l e a s t  200 n s e c  b e f o r e  t h e  b i a s  f i e l d  p u l s e  
i n  o r d e r  f o r  r a p i d  i n i t i a l  m o t i o n  t o  t a k e  p l a c e .  T h e s e  
e f f e c t s ,  Zimmer's  and the  one  repor ted  here ,  may re-; 
s u l t  f rom the same t y p e  o f  w a l l  s t r u c t u r e ,  b u t  are de r  
t ec t ed  us ing  d i f f e ren t  t echn iques .  
A second  type  of wall s t r u c t u r e  (type-11) is  ind i -  
cated by t h e  weak t r a n s i t i o n s  o b s e r v e d  d u r i n g  t h e  s t e p  
pulse  sequence. The  magnitude  of  the  step  change  in 
b i a s  f i e l d  r e q u i r e d  t o  p r o d u c e  t r a n s i t i o n s  CH1j is  
independent of t h e  time i n t e r v a l  (.T), i n  c o n t r a s t  w i t h  
the   t ype - I   t r ans i t i ons .   Fo r  T > 100 n s e c I  t r a n s i t i o n s  
due  to  type - I1  s t ruc tu res  a re  no t  obse rved ,  and only 
t y p e - I   t r a n s i t i o n s  are p resen t .  The s t a t i s t i c a l  
p r o p e r t i e s  of t h e  t y p e - I 1  t r a n s i t i o n s  a r e  d i f f e r e n t  
from those  of t he  type - I  t r ans i t i ons ,  be ing  statisti- 
cal ly   weaker ,   and  incomplete .   Type-I1  s t ructures   are  
a l s o  c r e a t e d  i n  t h e  f i r s t  few nsec of motion, since 
the  r e l a t ionsh ip  be tween  H1 and T is  p rese rved  fo r  T 
= 10 nsec.  For small   values   of  T and Ho, t he  va lues  o f  
HI f o r  t h e  two types of t r a n s i t i o n s  a r e  v e r y  c l o s e  t o -  
ge the r ,  and may be   confused .   Th i s   f ac t   accoun t s   fo r  
t h e  d e v i a t i o n  shown i n  F i g .  1 i n  t h e  d a t a  f o r  Ho 
= 1 .9  O e ,  and f o r  T L 40 nsec,  
A t h i rd  type  o f  w a l l  s t ruc ture  ( type-111)  is  
ind ica t ed  by t h e  t r a n s i t i o n s  shown in  Fig.   2 .   During 
the  sp ike  pu l se  sequence ,  t he  bubb les  r e tu rn  to  the i r  
o r i g i n a l  e q u i l i b r i u m  r a d i u s  b e f o r e  t h e  t e s t  p u l s e  i s  
appl ied when long time i n t e r v a l s  a r e  u s e d  ( ~ = 2  u s e c  
and ~ = 1 0  Usec).  Type-I11 s t r u c t u r e s  a r e  c r e a t e d  d u r -  
i n g  t h e  s p i k e  and a r e  s t a t i c a l l y  s t a b l e ,  as ind ica t ed  
by t h e  s t a t i s t i c a l  b e h a v i o r  o f  t h e  t r a n s i t i o n ,  and by 
t h e  f a c t  t h a t  HI is independent  of T. The two type- 
111 t r a n s i t i o n s  shown i n  F i g .  2 a r e  c h a r a c t e r i z e d ,  ap- 
proximately,  by a cons tan t   va lue   o f  yWH2. Th i s  sug- 
g e s t s  a n  i n t e r p r e t a t i o n  of t h e  t r a n s i t i o n s  i n  t e r m s  o f  
Slonczewski 's   formulation  of w a l l  motion 181. I n  t h i s  
formula t ion ,  the  precess ion  of t he  ave rage  ang le  be- 
tween t h e  m a g n e t i z a t i o n  a t  t h e  c e n t e r  of t h e  domain 
w a l l  and t h e  p l a n e  of t h e  w a l l  (m is  given in  terms of  
t h e  e f f e c t i v e  d r i v e  f i e l d  (He) and t h e  w a l l  v e l o c i t y  
by (Ref.  27, Eq. 2.15) 
where a is  the  resonance  damping parameter,  and Em. I f  t h e  w a l l  d o e s  n o t  move apprec iab ly  dur ing  
t h e  s p i k e ,  t h e n  Hez:H2, and yHe >> @/A. Thus, yWH2 
r e p r e s e n t s  t h e  c r i t i c a l  a n g l e  o f  r o t a t i o n  r e q u i r e d -  
t o   c r e a t e   t y p e - I 1 1   s t r u c t u r e s   G C ) .  From Fig.   2,  11, 
= 230' f o r   t h e   f i r s t   t r a n s i t i o n ,  and = 370' f o r   f h e  
second. 
Conclusions 
Two methods of producing transit ions between 
underdamped and overdamped motion i n  a bow-loss garne t  
ma te r i a l  have  been  used  to  inves t iga t e  domain w a l l  
s t r u c t u r e s   p r e s e n t   d u r i n g  underdamped  motion.  Three 
d i s t i n c t  t y p e s  of wa l l  s t ruc tu res  have  been  iden t i f i ed  
by measu r ing  the i r  d i f f e ren t  t i m e  dependences and 
s t a b i l i t y  p r o p e r t i e s .  One s t r u c t u r e ,   c r e a t e d  by f a i r -  
l y  l a r g e  b i a s  f i e l d  p u l s e s ,  is s t a b l e ,  b o t h  s t a t i c a l l y ,  
and i n  t h e  p r e s e n c e  o f  smaller b i a s  f i e l d  p u l s e s .  A 
second  s t ruc ture ,   c rea ted  by moderate  pulse  amplitudes,  
decays  exponent ia l ly  wi th  t ime,  wi th  re laxa t ion  t imes  
which a re  typ ica l ly  be tween 170 nsec  and  270 nsec.  A 
t h i r d  s t r u c t u r e ,  c r e a t e d  by small  pulses,  does not de- 
cay measurably with time, bu t  is a l s o  n o t  s t a t i c a l l y  
s t a b l e .  I t  i s  hoped t h a t   f u r t h e r   i n v e s t i g a t i o n s  w i l l  
g i v e  more information about  the detai led nature  of 
t h e s e  s t r u c t u r e s .  
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